. Location map showing part of northern Israel, with the exploration area circled. Inset shows sawn 15-cm hand specimen of a tuff from the Rakefet Magmatic Complex, the source of the material described here. The compositions of gupeiite, osbornite and TiB 2 reported in Table 1 were determined by EDS analysis on the same instrument. Compositions of tistarite and TAZ measured by both EDS and WDS-EMPA show excellent agreement. TiC (khamrabaevite) was not analyzed quantitatively, but was recognized by its distinctive Ti + C spectrum, and confirmed by electron-diffraction analysis (Table 1 ).
The EBSD patterns were generated by the interaction of a vertical electron beam with a polished thin section, tilted at 70° to the horizontal in a scanning electron microscope (Zeiss EVO MA15 and Zeiss Ultra Plus). The operating conditions were a voltage of 20 kV, a current of 8.2 nA and working distance of 12-13 mm. The diffraction pattern was projected onto a phosphor screen and recorded using a digital CCD camera. The resulting image was then processed and indexed in terms of crystal orientation using the AZtec software distributed by Oxford Instruments. Maps were acquired with sampling step size of 20 µm, 1-5 µm or 200nm. Raw indexation rates were > 85 %. Data treatment allowed the rare non-indexed pixels to be filled, if up to six identical neighbors existed with this orientation.
To prepare the FIB foils, the sample was mounted on a 26mm pin stub, grounded by silver paint and coated with 25nm layer of Au . The dual-beam FIB system (FEI Nova NanoLab 200) and Single beam (XP200) was used to prepare sections for TEM (2 phases) from the region of interest. High Angle Annular Dark Field Scanning Transmission Electron Microscopy (HAADF-STEM) imaging and element mapping were carried out using an FEI Titan G2 80-200 TEM/STEM with ChemiSTEM Technology operating at 200 kV. The element maps were obtained by energy dispersive X-ray spectroscopy using the Super-X detector on the Titan with a probe size ~1 nm and a probe current of ~0.25 nA. Total acquisition times of 20-30 minutes were used to obtain good signal-to-noise. Electron diffraction was carried out using a field limiting aperture that selected an area approximately 400nm in diameter.
